Undiagnosed oesophageal intubation during anaesthesia is a major cause of anaesthetic-related morbidity and mortality. A test was devised and evaluated to distinguish between placing an endotracheal tube in the trachea and in the oesophagus. The test involves threading a lubricated nasogastric tube through the endotracheal tube, applying continuous suction to the nasogastric tube and then attempting to withdraw the nasogastric tube. Four aspects distinguish an endotracheal tube in the trachea from one in the oesophagus: 1. the length ofnasogastric tube inserted and the feel of the final obstruction to further insertion, 2. the ability to maintain unobstructed suction through the nasogastric tube, 3. the ease of withdrawal of the nasogastric tube during continuous suction, 4. the nature of any aspirate (i.e. mucus or gastric contents). An evaluation was performed on twenty patients in whom both the trachea and oesophagus were intubated simultaneously. In all twenty cases, each of the two endotracheal tubes was correctly identified as being either tracheal or oesophageal. The ability to maintain suction and the ease of withdrawal most clearly distinguished between the two positions.
Reviews of anaesthesia-related mortality and morbidity have shown that undiagnosed oesophageal intubation either during induction of anaesthesia, or subsequently during surgery, is still a major cause of death or permanent disability. A number of ways of assessing the tube position following intubation have been described; however, most of these have been shown to be either unreliable or to require sophisticated equipment. 1, 2 We have devised a test which is safe, simple, and requires no complex equipment. The test consists of inserting a lubricated nasogastric tube through the endotracheal tube, then applying -60 kPa (-450 mmHg) suction to the nasogastric tube while gently attempting to withdraw it. The diagnosis of placement into the trachea or placement into the oesophagus is made by observing the different· behaviour of the nasogastric tube due to differences in architecture between the trachea and the oesophagus.
First, the length of nasogastric tube which can be easily inserted beyond the endotracheal tube should differ. With the endotracheal tube in the oesophagus the length would be noticeably greater than that which could be inserted when the endotracheal tube was in the trachea and, furthermore, a nasogastric tube passed into the trachea should come to a definite abrupt halt in a segmental bronchus, while a nasogastric tube inserted into the oesophagus would meet a more gradual increase in resistance, or no increase in resistance.
Second, because of the cartilage support, if suction is applied to the nasogastric tube in the trachea, the trachea remains patent and air is entrained through the open end of the endotracheal tube. This also allows the nasogastric tube to be easily withdrawn as a further test. With the nasogastric tube in the oesophagus, on the other hand, the oesophageal wall collapses around, and adheres to, the nasogastric tube, thereby obstructing suction. In addition it prevents the easy withdrawal of the nasogastric tube.
Finally, in some cases the presence of bile or gastric contents in the aspirate could indicate oesophageal placement.
This study was devised to determine whether the behaviour of a nasogastric tube inserted through an endotracheal tube either in the trachea or in the oesophagus could be used clinically as a test to identify the position of the endotracheal tube.
MATERIALS AND METHODS
Approval for this study was obtained from the Ethics Committee of the Royal Adelaide Hospital, and written informed consent was obtained from the patients.
Adult patients were selected as appropriate for this study on the following criteria: 1. Undergoing general anaesthetic and requiring tracheal intubation for lower abdominal or limb surgery. 2. Absence of major cardiac or respiratory disease. Following induction of anaesthesia, the patient's trachea was intubated under direct . vision with a red rubber Magill endotracheal tube (males 9.0 mm; females 8.0 mm), and IPPV was commenced. At a time when the anaesthetist felt the patient was stable and suitably anaesthetised, a second endotracheal tube, identical to the first, was inserted under direct vision into the oesophagus to the same length as the tracheal tube using identical strapping. The cuff of the oesophageal tube was then inflated with the same volume of air as used for the tracheal tube, so that after temporary disconnection of the ventilating catheter mount an uninformed observer could not' distinguish between the two tubes. The siting of the oesophageal and tracheal tubes on the left or right sides of the mouth was determined randomly.
A standard 16 FG nasogastric tube with multiple distal openings, which had been previously marked with the length of endotracheal tube to be used, was then well lubricated and gently inserted into either the left or right tube, in an order allocated on a predetermined random basis, by a second 'blind observer' anaesthetist. This required disconnection from the ventilation circuit for a total period ofless than 30 seconds. The total length of nasogastric tube easily inserted beyond the end of the tube was noted, together with the feel of the resistance to further insertion. Suction was then applied to the nasogastric tube, and an attempt was made to gently withdraw the nasogastric tube. The nature of any aspirate was also noted. The nasogastric tube was then withdrawn, and the endotracheal tube was reconnected by the anaesthetist to the anaesthetic circuit and ventilator for several minutes. The observer anaesthetist did not see which tube was reconnected to the ventilator. The procedure was then repeated on the second tube. A subjective score was given to each of four parameters by the observer for the right and left tubes. The basis of the scoring system was as follows:
Definitely Oesophageal Possibly Oesophageal No Idea Possibly Tracheal Definitely Tracheal
The four parameters assessed were: 1. The length of nasogastric tube inserted. The feel of a sudden impediment to further insertion was characteristic of the trachea, and scored as 'Definitely Tracheal'. No definite limit to insertion was scored as 4. The nature of any material aspirated through the endotracheal tube (e.g. bile).
Bile staining was taken to indicate oesophageal placement and scored as . 'Definitely Oesophageal'. After scoring each of these parameters, the observer was then asked to judge which of the two tubes was in the trachea.
RESULTS
A total of twenty patients were studied between the ages of 20 and 86. Scores for each test condition are shown in Table 1 . From Table 1 , the most reliable indicators of tube placement in the trachea were the ability to maintain unobstructed suction and the ease of withdrawal of the nasogastric tube during continuous suction. Both of these procedures were scored correctly as 'Definitely Tracheal' in 100% of cases.
The next most reliable test identifying tracheal placement was the length of nasogastric tube which could be easily inserted (together with the feeling of a definite final impediment to insertion). This test was scored as 'Definitely Tracheal' in 80% of cases, with the remaining 20% scored as 'Possibly Tracheal'.
The nature of the nasogastric tube aspirate (i.e. mucus vs. bile or other gastric residue) was the least useful test. In only 5% of cases was it considered to indicate a tube as 'Definitely Tracheal'. In 20% of cases it suggested the tube was 'Possibly Tracheal', while in 75% of cases the observer had 'No Idea' of whether the tube was in the trachea or the oesophagus, using this procedure alone.
The scores relating to an endotracheal tube placed in the oesophagus showed the most reliable indicators of oesophageal placement to be the failure to maintain unobstructed suction, followed by difficulty of withdrawal of the nasogastric tube while continuous suction is applied. Inability to maintain unobstructed suction showed the endotracheal tube to be 'Definitely Oesophageal' in 90% of patients. The remaining 10% were scored as 'Possibly Oesophageal'.
Eighty per cent of cases were correctly scored as 'Definitely Oesophageal' when assessing the inability to withdra\Y the nasogastric tube while suction was being applied -the other 20% were assessed as 'Possibly Oesophageal' using this procedure.
The total length of nasogastric tube which could be easily inserted, and the feel of the final obstruction to insertion, was less useful, with 55% of cases scoring 'Definitely Oesophageal' and 45% scoring 'Possibly Oesophageal'.
Again, the least reliable indicator of tube placement was the nature of the nasogastric tube aspirate. Here, only 20% scored 'Definitely Oesophageal', 30% 'Possibly Oesophageal', 45% scored 'No Idea', and 5% of patients were assessed as 'Possibly Tracheal'.
Thus the best test for distinguishing the two placements was whether or not obstruction occurred during suctioning. This was closely followed by whether or not the nasogastric tube could be withdrawn while suctioning continued. The length of insertion was some guide but not as reliable in distinguishing between the placements. Aspiration of bile only occurred on four occasions and so is a test of limited use. A summary of the differences between tracheal and oesophageal placement is given in Table 2 .
Having performed all four procedures on both of the endotracheal tubes, the overall judgement of which tube was in the trachea and which was in the oesophagus was correctly assessed in all twenty patients.
DISCUSSION
The tests used in this study should not be considered the first line of defence against oesophageal intubation. Seeing the tube lying between the cords remains the most definitive simple test. However, occasionally this is not possible. The other observation method is direct fibreoptic examination at the end of the endotracheal tube, seeing the carina is diagnostic, but many departments may not have a fibreoptic scope available immediately. If an end tidal CO 2 monitor is used this is probably the next best method of distinguishing between oesophageal tracheal intubation provided at least several breaths are observed. 3 The only other possible test is listening on the stomach as a positive test for oesophageal intubation. Although doubt has been cast on the test, there are no reports of it being misleading. 2 Whenever there is a doubt about the position of an endotracheal tube it is essential that oxygenation be maintained. It is a wise approach regardless of what tests are to be performed that the anaesthetist precede these with good oxygenation -preferably with 100% 02 using a mask over the endotracheal tube to ensure safe oxygenation regardless of the tube's position.
Given the usual circumstances in which a test of tube position would be needed, that is following a difficult intubation or a suspected intra-operative extubation, its most critical role would be to accurately and reliably diagnose oesophageal intubation. It appears that the most useful single procedure for this purpose is obstruction when suctioning the nasogastric tube. The next most useful single procedure to detect oesophageal placement of the endotracheal tube is the difficulty of withdrawal while suctioning. Both of these tests use the distinguishing characteristics that the oesophagus will tend to collapse around the tube with suction, whereas free suction continues if applied in the trachea, because the cartilaginous supports keep it open. These characteristics are also the basis of the syringe aspiration test recently described by O'Leary, Pollard and Ryan. 4 A long length of nasogastric tube easily inserted through the endotracheal tube, and the feel of gradually increasing, or no resistance to insertion (cf. the short length and sudden obstruction to further insertion when the nasogastric tube is passing down the trachea) is also a useful guide in that, as with the first two procedures above, all tests were scored as either 'Possibly or Probably Oesophageal'.
Clinically, however, probably the most useful test of endotracheal placement is the combination of all four assessments. In this way the evidence from anyone procedure reinforces the evidence from the other three procedures, and in our series this resulted in a correct diagnosis of tube position in all cases studied. However, unless bile is found on aspiration this test should be discounted.
Since these four observations require only the one nasogastric tube to be inserted and the total time taken to make the observation is approximately 20-30 seconds, it would seem that this is an acceptably safe and reliable test of endotracheal tube placement. It also has the advantage of requiring only simple equipment, which should be available in any situation where tracheal intubation is performed.
Throughout the trial, we refrained from measuring the exact length of nasogastric tube that was easily inserted through the endotracheal tube before meeting either a definite impediment to further insertion, or a gradually increasing resistance, as we felt that doing so would only prolong the time taken to perform the test, and was unlikely to be of use clinically. This was borne out in practice as a nasogastric tube inserted into the trachea could only be advanced 5-15 centimetres distal to the tip of the endotracheal tube, while a significantly greater length of nasogastric tube could be inserted into the oesophagus. There was some overlap at about 15 centimetres, but in all such cases the feel of the nasogastric tube being inserted, and the feel of the final stop to further insertion, helped to make the correct diagnosis of tracheal or oesophageal position evident. The use of an adequate quantity of lubricant on the nasogastric tube was essential to allow easy insertion through the endotracheal tube, 'otherwise the grip of the wall of the endotracheal tube on the nasogastric tube could suggest tracheal placement when in fact the tube was in the oesophagus.
Another situation in which this test might erroneously conclude that an endotracheal tube is within the trachea, is where the tip of that tube lies within the pharynx. In this situation, all four observations tested might conceivably mimic the findings of an endotracheal tube in the trachea. Hopefully, this situation would be obvious from the unexpectedly short length of the tube inserted in the patient, or from directly visualising the pharynx (if possible), or the loss of chest movement during 'inspiration'.
On several occasions since this study was completed, the authors have had cause to use this test in situations where endotracheal tube Anaesthesia and lntensi,'e Care, Vol. 17, No. I, February, 1989 placement was actually in question, and in each case a correct diagnosis of tracheal placement was easily made. None of these patients had a misplaced tube so the diagnosis of oesophageal intubation has not been similarly tested.
If a difficult intubation is discovered unexpectedly, it is a simple matter to lubricate a nasogastric tube and pass it through the endotracheal tube. This provides a test which is available in any circumstance. When a difficult intubation is predicted, intubation with a fibre optic bronchoscope is indicated and doubt can be resolved by end tidal carbon dioxide measurement. However, for intubations which are surprisingly difficult, the suction test with a nasogastric tube may be able to quickly warn or reassure the anaesthetist.
